Management of exercise-induced glycaemic imbalances in type 1 diabetes by Francescato, Maria Pia & Carrato, S.
 Current Diabetes Reviews, 2011, 7, 253-263 253 
 1573-3998/11 $58.00+.00 © 2011 Bentham Science Publishers Ltd. 
Management of Exercise-induced Glycemic Imbalances in Type 1  
Diabetes 
Maria Pia Francescato* and Sergio Carrato
1
 
From the Department of Medical and Biological Sciences, School of Medicine, University of Udine, Italy and  
1
Department of Industrial Engineering and Information Technology 
Abstract: Regular moderate-intensity exercise is strongly recommended for its beneficial effects in all people. In patients 
with type 1 diabetes, however, the exercise-associated glycemic imbalances remain an unresolved clinical challenge. Cur-
rent guidelines require an in-depth understanding of the glycemic responses to exercise and each patient has to discover, 
by trial-and-error, his/her own strategy, several attempts being usually required to gain sufficient experience. Conse-
quently, fear of hypoglycemia remains the strongest barrier to physical activity. This paper explores the potential strate-
gies that may be employed to minimize the risk of exercise related glycemic imbalances. Moreover, a newly developed 
algorithm (ECRES, Exercise Carbohydrate Requirement Estimating Software) is described, which estimates on a patient- 
and situation-specific basis the glucose supplement required by the patient to maintain safe blood glucose levels. The al-
gorithm was tested on 27 patients who performed three 1-hr constant intensity walks (each starting at a different time in-
terval following insulin injection). Results showed that in 70.4% of the trials, independent of the time of day, the algo-
rithm provided a satisfactory estimate of the carbohydrates needed by patients to complete the exercise with a glucose 
level within safe thresholds (i.e. 3.9 - 10 mmol·L
-1
). Despite the algorithm requires further experimental testing to be ap-
plied by the majority of patients, these results indicate its potential usefulness as a tool for preventing immediate exercise-
induced glycemic imbalances (i.e. during exercise) in type 1 diabetic patients, in particular for spontaneous activities not 
planned in advance, thus allowing all insulin-dependent patients to safely enjoy the benefits of exercise. 
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INTRODUCTION 
It is universally recognized that a healthy life style has 
also to include regular exercise. Regular moderate-intensity 
physical activity is strongly recommended also in patients 
with type 1 diabetes mellitus (T1DM) [1, 2]. Indeed, exercise 
improves insulin sensitivity [3, 4] and, associated with diet 
and insulin therapy, may help to achieve and maintain a bet-
ter metabolic control [1, 5]. Moreover, exercise has protec-
tive effects against several cardiovascular risk factors [6-8] 
and can enhance quality of life by increasing self-esteem and 
psychological well being [9]. The exercise-associated gly-
cemic imbalances, however, are often difficult to control and 
remain an unresolved clinical challenge for patients with 
T1DM [10]. Hypoglycemia during exercise can be danger-
ous and decreases performance; conversely, excessive snack-
ing before or during exercise can result in hyperglycemia and 
negate some of the metabolic and cardiovascular benefits of 
exercise [11]. 
Exercise may have contrasting effects on patient’s blood 
glucose level. Either a progressive rise [12, 13] or a decline 
[14-17] of glycemia have been observed, the more frequent 
acute complication of exercise being an excessive fall of 
glycemia [18] (below the hypoglycemic threshold of 3.9  
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 [19]). So far only vague guidelines are available to 
patients with T1DM to minimize the risk of glycemic imbal-
ances for activities performed at any time of day and under a 
wide range of intensities [1, 9, 18, 20]. These guidelines, 
however, require an in-depth understanding of the metabolic 
and hormonal responses to exercise and well-tuned self-
management skills [1]. Each patient has to discover, by trial 
and error, his/her own strategy and several attempts are usu-
ally required to gain sufficient experience. Fear of hypogly-
cemia is still the strongest barrier to physical activity and the 
number of difficulties patients have to meet often further 
discourage them [21].  
This paper first explores the potential dietetic and thera-
peutic strategies that may be employed to minimize the risk 
of exercise related glycemic imbalances. Subsequently, a 
newly developed algorithm (called ECRES, Exercise Carbo-
hydrate Requirement Estimating Software) is described, 
which estimates on a patient- and situation-specific basis the 
glucose supplement required by the patient to maintain safe 
blood glucose levels, thus actually allowing patients to par-
ticipate in sports and physical activities in a safe and enjoy-
able manner. 
METABOLIC RESPONSE TO EXERCISE  
Fatty acids and carbohydrates are the main substrates for 
energy production in skeletal muscle during aerobic exercise 
in well-fed humans, their relative contribution to total energy 
production being a function of exercise intensity [22-28]. 
Fatty acid oxidation rate is greater during mild- to moderate-
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intensity exercise [25]. Increases in power elicit a relative 
decrement in energy from fatty acid oxidation and a relative 
increment in glucose utilization [24]. Moreover, for the same 
absolute power, endurance training is associated with a de-
creased reliance on carbohydrate oxidation during the exer-
cise [22, 29], with a concomitant increase in fatty acid oxida-
tion [23, 30, 31]. Despite higher insulin levels throughout 
almost the whole day, patients with T1DM behave metaboli-
cally like healthy subjects during aerobic exercise, showing 
similar whole-body glucose oxidation rates as healthy people 
independent of the prevailing insulin concentration [14, 32-
34], and in particular when the activity is performed under 
euglycemic conditions [35].  
It is well established that a fraction of the carbohydrates 
used as fuel is taken from extracellular glucose [36, 37]. In 
healthy individuals, blood glucose homeostasis is maintained 
since insulin level suddenly decreases (contemporarily to a 
modest increase in catecholamine) thus allowing hepatic 
glucose production to match the increased glucose uptake by 
the exercising muscles [38, 39]. In comparison, patients with 
T1DM have lost the capability to endogenously decrease 
circulating insulin levels following exercise onset and thus 
their insulin concentration is independent of exercise and is 
set essentially by the time elapsed from the last exogenous 
insulin administration. Two main conditions may be identi-
fied: the first, when exercise is performed soon after insulin 
administration and the prevailing insulin concentration is 
rather high; the second, when the physical activity is per-
formed after longer time intervals from insulin injection and 
the prevailing insulin concentration is low. 
PATIENTS EXERCISING UNDER LOW PREVAIL-
ING INSULIN CONCENTRATION 
From a physiological point of view, to avoid an excessive 
fall of glycemia, it would be logical to suggest patients exer-
cising when the prevailing insulin concentration is low. Ac-
cordingly, to minimize the risk related to a too high insulin 
concentration, patients with T1DM are usually advised 
against exercise performed within 90-120 min of rapid-
acting insulin administration [40].  
Indeed, a lower risk of exercise-induced hypoglycemia 
was observed when low insulin levels prevailed (e.g. early in 
the morning before the morning insulin injection and break-
fast) [41]. Nevertheless, it is worth remembering that under 
normal physiological conditions the liver is responsible for 
the extraction of a large (approximately 50%) fraction of the 
new insulin secreted by the pancreas (the so-called hepatic 
insulin clearance), leading to lower insulin concentrations at 
the periphery as compared to the liver [42]. In comparison, 
due to the subcutaneous administration of the hormone, pa-
tients with T1DM show quite the same insulin concentra-
tions at the periphery and in the liver. Low insulin concentra-
tions may be contemporarily unable to suppress hepatic glu-
cose production [43] and insufficient to allow for the muscu-
lar glucose uptake. As a result, patients exercising under low 
insulin levels have to be aware that hypoglycemia may be 
prevented at the cost of an increased risk of hyperglycemia 
[18].  
In addition, when patients exercise under low insulin 
concentration, the muscular glycogen stores are the only 
usable sources of glucose for energy production [14]. During 
the hours following the exercise, the greater muscular glu-
cose uptake to replenish the glycogen stores [44] adds on the 
increased insulin sensitivity [45-47] and increases the risk of 
the so-called “postexercise late-onset” hypoglycemia [10] 
that may occur up to 24-36 hrs, in particular in sedentary 
patients who rely to a greater extent on glucose oxidation 
[22, 29, 48]. 
PATIENTS EXERCISING UNDER HIGH PREVAIL-
ING INSULIN CONCENTRATIONS 
When T1DM patients exercise under high prevailing in-
sulin concentrations, the inhibited hepatic glucose produc-
tion cannot counterbalance the exercise-induced rise in mus-
cle glucose uptake [9, 39, 49, 50], thus leading to the early-
onset hypoglycemia. The mismatch between muscle glucose 
uptake and hepatic glucose production may be further exac-
erbated by a blunted counter-regulatory response due to an-
tecedent exercise [51] or hypoglycemia [52-54].  
To minimize the risk of an excessive fall of glycemia (in 
particular when exercise is within 90-120 min of a bolus), it 
would be logical to mimic the hormonal response in normal 
subjects by reducing the insulin dose before exercise [18, 
40]. However, the amount of reduction remains in question. 
Recommendations for insulin dose reduction before moder-
ate intensity exercise range from 25% [55] to about twice 
this percentage (i.e. 50-66% [56]). When exercise is more 
intense, a reduction up to 75-90%, depending on patients’ 
usual regimen, has been suggested [55, 57]. Indeed, despite 
large reductions in the pre-exercise rapid-acting insulin dose, 
overall metabolic control appeared not significantly wors-
ened [57] and the possible development of ketogenesis fol-
lowing exercise was not affected [58]. Reduction of the pre-
exercise insulin dose, however, often is not sufficient to 
avoid an excessive fall of glycemia and thus patients are 
rarely exempted from a carbohydrate supplement [59, 60]. In 
addition, in many instances, after insulin dose reduction the 
improved glycemic profile during exercise was obtained at 
the cost of a raised plasma glucose level [55, 61]. This con-
dition, however, does not always assure protection against 
subsequent hypoglycemia [59, 62]. Finally, changes in the 
insulin dose require the exercise both to be planned in ad-
vance and, thereafter, to be actually performed. Indeed, if for 
any unpredictable reason the patient abandons the idea of 
exercising, his/her glucose level will remarkably increase 
and worsen the metabolic control.  
Furthermore, in many instances exercise is unexpected 
and the insulin dose cannot be modified ahead of time. In 
these cases, additional glucose ingestion is the only measure 
to prevent the exercise-induced lowering of glycemia [17, 
18]. Carbohydrate supplements should include rapidly ab-
sorbable carbohydrates [18], but no clear-cut guidelines are 
available suggesting the appropriate amount needed to pre-
vent an excessive fall of glycemia. Glucose ingestion equal 
to total-carbohydrate utilization was shown to attenuate the 
drop in glucose level during exercise in adolescents with 
T1DM, thus reducing the likelihood of hypoglycemia [17, 
32]. Nevertheless, the authors do not suggest how to estimate 
the total-carbohydrate utilization (on an individual and situa-
tion-specific basis) making the extrapolation of these obser-
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vations into practice rather difficult [63]. Similarly, a general 
pre-exercise glucose supplement of 40 g was suggested to 
help patients in maintaining safe blood glucose levels during 
60 min of moderate intensity exercise [16, 63]. After com-
parison of different strategies to prevent exercise-related 
hypoglycemic episodes, Grimm et al. [59] concluded that it 
is possible to prevent almost all these episodes (more or less 
independently of the insulin dosage adjustments) by ade-
quately replacing the carbohydrates during the physical ac-
tivity. Accordingly, the authors proposed an extra-
carbohydrate table for different physical activities depending 
on exercise duration and intensity, the quantities ranging 
from 15 g to 100 g/hr exercise [59]. Indeed, the carbohydrate 
supplement represents an extra amount of energy introduced 
by the patient that may be counter-productive when purpose 
of exercise is weight control [64]. Nevertheless, in most 
cases the overall amount of energy spent during the exercise 
will be greater than the extra energy introduced with the car-
bohydrates supplement [62].  
To oppose the exercise-mediated fall in glucose level, the 
performance of a single bout or intermittent high-intensity 
exercise has been proposed [65, 66] because of its effects on 
the counterregulatory hormones, which enhance the hepatic 
glucose production [67]. This type of exercise is typical of 
the activity patterns of many team field sports such as soccer 
or rugby, and also of spontaneous play in children [68]. This 
measure, however, has a limited use to shorter and less in-
tense exercises [64] and may not be appropriate for seden-
tary, overweight or older individuals, for which a more con-
stant activity in the aerobic range (e.g. walking) is recom-
mended [69, 70]. 
Recent guidelines suggest that individualized strategies 
to limit glycemic imbalances associated with exercise can be 
initiated once total energy utilization has been quantified 
[71]. Simply quantifying total energy, however, may not be 
appropriate to counter an excessive fall of glycemia since 
glucose oxidation rate of a sedentary patient may be signifi-
cantly higher as compared to that of an active patient [48].  
A major limitation of most of the above-mentioned stud-
ies is that the observations have been carried out mainly at 
only one time interval following insulin administration. The 
amount of supplemental carbohydrates required to avoid 
hypoglycemia, however, is dependent on the prevailing insu-
lin level, thus on the time distance from the last insulin ad-
ministration [14, 18]. Moreover, exercise intensity and dura-
tion, and the level of glycemia before exercise are scarcely 
accounted for, while the influences of physical fitness and 
insulin sensitivity are even less examined [18]. 
A new algorithm (called ECRES, Exercise Carbohydrate 
Requirement Estimating Software) has been developed by 
our workgroup [62], designed to estimate, on a patient- and 
situation-specific basis, the amount of supplemental carbo-
hydrates required by patients with T1DM before/during 
aerobic exercise to achieve end-exercise blood glucose levels 
between the hypoglycemic threshold of 3.9 mmol·L
-1
 [19] 
and the maximal random glucose target of 10 mmol·L
-1
 [72]. 
Main peculiarities of the algorithm are the following: 1) it is 
based on the patient’s habitual regimen (i.e., therapy and 
diet) and no changes in the insulin dose are usually manda-
tory; 2) patient’s insulin sensitivity is taken into account 
through the individual dietary carbohydrate-to-insulin ratio; 
3) patient’s physical fitness is considered when estimating 
the required amount of carbohydrates, 4) actual exercise in-
tensity and duration are used for the estimate; and 5) the car-
bohydrate supplement can be calculated for any time of day 
the exercise is performed [62]. The following paragraphs 
aim at illustrating in some detail the algorithm and discuss-
ing the results of its preliminary application. 
THE ECRES ALGORITHM 
The algorithm first estimates the patient’s daily total in-
sulin concentration profile (Fig. 1) on the basis of the usual 
 
Fig. (1). Flow diagram of the first part (setting-up) of the ECRES algorithm [modified from 62]. The daily profile of the percentage burned 
carbohydrates needed to prevent hypoglycemia during exercise is estimated based on the patient’s individual therapy (i.e. insulin types, 
doses, time scheduling and dietary carbohydrates). In addition, the glucose oxidation rates per minute exercise are calculated for all the heart 
rates ranging from rest to maximal heart rate for aerobic exercise. 
256    Current Diabetes Reviews, 2011, Vol. 7, No. 4 Francescato and Carrato 
 
therapy and on “standard” pharmacokinetic profiles of insu-
lin analogs reported by the literature [73-75]. To this aim the 
standard insulin profiles are realigned to the scheduled times 
of injection and scaled proportionally according to the ratio 
between the patient’s dose and the standard dose for the spe-
cific insulin. Subsequently, in order to account for differ-
ences in insulin sensitivity among patients and throughout 
the day, the overall amount of insulin acting between one 
injection and the following (with the exception of evening, 
for which 6 hours are considered after the supper time insu-
lin injection) is computed, allowing to determine the pa-
tient’s carbohydrates-to-insulin ratios for three daily time 
intervals (i.e., morning, afternoon and evening). An “effica-
cious” insulin profile is thus calculated (Fig. 2) by multiply-
ing the total daily insulin profile by the ratio between the 
patient’s carbohydrates-to-insulin ratios for each day time 
period and the average carbohydrates-to-insulin ratio ob-
served in our previous work (i.e., 4.8367 g/IU) [14]. Finally, 
each time point of the “efficacious” insulin profile is con-
verted to the percentage of glucose oxidation rate required to 
maintain euglycemia. A linear relationship was observed by 
our workgroup between the prevailing insulin concentration 
and the glucose supplement needed to prevent hypoglycemia 
during moderate exercise [14]. Expressed as percentage of 
the overall glucose burned during the effort, these quantities 
were not significantly different from the percentages re-
quired for exercises of different intensity performed at the 
same day times (personal preliminary data, not yet pub-
lished). The relationship between insulin concentration and 
percentage carbohydrates is thus determined pooling to-
gether all the data and is described by (Fig. 3): 
percentage carbohydrates 
= 4.398 · insulin concentration – 10.76 (n = 4; R = 0.995). 
The last step of the first part of the algorithm calculates 
the glucose oxidation rates per minute of exercise for all the 
heart rates ranging from rest to maximal heart rate for aero-
bic exercise (estimated as 70% of age-predicted maximum 
heart rate; the latter calculated as: 220 – age). This relation-
ship was found to be statistically significant (Pearson’s cor-
relation coefficients being always higher than 0.90) in all our 
volunteers (n = 30). Different slopes were observed accord-
ing to the individual’s training habits (Fig. 4), sedentary pa-
tients showing significantly higher glucose oxidation rates as 
compared to active patients (p<0.001). The overall relation-
ships are described by: 
glucose oxidation rate 
= 0.504 · % maximal heart rate – 22.11 (n =36; R = 0.888) 
and 
glucose oxidation rate 
= 0.679 · % maximal heart rate – 22.05 (n =29; R = 0.909) 
 
Fig. (2). Example for a typical patient of the percentage burned carbohydrates profile needed to maintain glucose level within the recom-
mended range during exercise (thick line), the total insulin (thin line) and the “efficacious” insulin (hatched line). Data are plotted as a func-
tion of daytime (hrs). See text for details. 
Uploaded therapy for a 70 kg body weight male patient (45 years old) was as follows: 7:30 AM breakfast (5 U Aspart, 40 g carbohydrates); 
1:00 PM lunch (8 U Aspart, 80 g carbohydrates); 7:30 PM supper (8 U Aspart, 18 U Glargine; 60 g carbohydrates).  
 
Fig. (3). The average percentage of burned carbohydrates (derived 
from alimentary and extracellular sources) is linearly related to the 
average insulin concentration (μUI·mL-1) during the corresponding 
trial.  
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for active and sedentary patients, respectively (the glucose 
oxidation rate being expressed in mg min
-1
 per unit body 
mass) [48]. 
The second procedure of the algorithm (Fig. 5) has to be 
run on each exercise occasion and allows to actually estimat-
ing the amount of supplemental carbohydrates according to 
the characteristics of the exercise (i.e. intensity, duration, 
starting time of day) and the metabolic conditions (i.e., glu-
cose level). The overall amount of glucose oxidized during 
the effort is first calculated on the basis of the expected exer-
cise intensity (defined by heart rate) and duration. Subse-
quently, the appropriate percentage of carbohydrates needed 
to prevent hypoglycemia is selected according to the time of 
day the exercise is performed and the time elapsed from the 
last insulin injection. This percentage is then applied to the 
overall amount of glucose burned, yielding the theoretically 
amount of supplemental carbohydrates. Whenever exercise is 
planned in advance, the administration of a reduced insulin 
dose may be warranted to hold down the carbohydrate sup-
plement. To satisfy this condition, the algorithm is able, op-
tionally and for the specific exercise occasion, to estimate 
the carbohydrate supplement according to the varied insulin 
dose. Finally, the amount of excess/lack glucose solved in 
the body is computed as the product between the difference 
between actual glycemia and the theoretical glycemia the 
patient should have at the time of exercise, and the extra cel-
lular fluid volume, in turn estimated as 0.27 L·kg
-1
 in men 
and 0.225 L·kg
-1
 in women [76]. The excess/lack glucose 
solved in the body is then subtracted/added to the theoreti-
cally estimated supplement, ultimately yielding the amount 
of carbohydrates to be actually consumed.  
A rough estimate of the additional carbohydrates needed 
to prevent late-onset glycemic imbalances is also calculated 
as the difference between the overall amount of glucose oxi-
dized during the exercise and the amount of carbohydrates 
required to maintain glycemia near the normal level during 
the effort. 
PRELIMINARY EVALUATION OF THE ECRES  
ALGORITHM 
Twenty-seven patients with T1DM (19 men, 8 women; 
aged 44 ± 11 years; Body Mass Index 24 ± 2 kg·m
-2
; diag-
nosed with type 1 diabetes 22 ± 11 years before experimen-
tation; average HbA1c 7.2 ± 1.1%) were recruited to partici-
pate to a preliminary evaluation of the ECRES algorithm 
[62]. All patients were on a basal-bolus insulin regimen, 
were not affected by other chronic diseases, and had no evi-
dence of diabetes complications contraindicating physical 
 
Fig. (4). Glucose oxidation rates (mg·min
-1
·kg
-1
) are plotted as a 
function of the corresponding percentage of maximal heart rate for 
an aerobically trained (full dots) and a sedentary patient (open 
dots). For the same relative exercise intensity, the aerobically 
trained patient shows lower values as compared to the sedentary 
one.  
 
Fig. (5). Flow diagram showing how the algorithm estimates at each exercise occasion a) the actual amount of carbohydrates the patient has 
to consume before/during exercise and b) the additional carbohydrates needed to prevent late-onset glycemic imbalances [modified from 62]. 
The calculation is based on the exercise specific data (i.e. intensity, duration and starting time of exercise) and on the glucose level at the 
start of the activity. 
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activity. Volunteers were classified according to the self-
reported physical activity habits as “active” (12M, 7F), who 
exercised regularly at least 30 minutes for 3 days/week, and 
“sedentary” (7M, 1F), who exercised only occasionally. Pa-
tients were advised to refrain from unusual physical activi-
ties 24 h prior to the walks, to maintain their usual diet and 
insulin regimen, and to control their blood glucose levels 
according to the self-management procedures in order to 
avoid the occurrence of hypoglycemic events. Each volun-
teer repeated a constant intensity aerobic treadmill walk of 
one-hour duration three times, each time starting at different 
time intervals (90 min, 180 min, and 270 min) following the 
lunch (midday) insulin treatment. Half an hour before the 
start of the walk, patients were administered (in the form of 
sugar or sugar-drops) approximately 70% of the amount of 
carbohydrates estimated by the ECRES algorithm. The re-
maining fraction (30%) of the estimated carbohydrate re-
quirement was administered during exercise only if glycemia 
was within the recommended range and other additional 
known amounts of sugar were given if glycemia fell below 
5.0 mmol·L
-1
. 
Glycemia (determined by means of appropriate reactive 
strips; Accu-Check
TM
 Active, Roche Diagnostics, Switzer-
land) fell significantly (P < 0.01) from 9.6 ± 3.3 mmol·L
-1
 at 
the start to 7.3 ± 3.0 mmol·L
-1
 at the end of the walks. Inter-
estingly, starting glycemia was not related to the adminis-
tered carbohydrates (Fig. 6). Supplemental carbohydrates, 
however, were significantly different for the exercises start-
ing at the three different times of the day (P < 0.001), 
amounting on average to 63 ± 28 g, 44 ± 35 g and 24 ± 23 g, 
respectively. More importantly, the amounts of supplemental 
carbohydrates estimated by the ECRES algorithm were not 
significantly different from the actual administered ones.  
The following three grouping criteria were then applied 
to the walks: 1) the amount of carbohydrates estimated by 
the ECRES algorithm was insufficient and additional 
amounts of sugar had to be administered; 2) the amount of 
carbohydrates estimated by the algorithm was excessive and 
was not completely administered; 3) the amount of carbohy-
drates estimated by the algorithm was adequate to allow pa-
tients ending the exercise with the glucose level between the 
hypoglycemic threshold of 3.9 mmol·L
-1
 [19] and the maxi-
mal random glucose target of 10 mmol·L
-1
 [72]. Altogether, 
13.6% walks required greater amounts of carbohydrates as 
compared to the quantities estimated by ECRES (Fig. 7); at 
the other extreme, in 16.0% of cases the supplemental car-
bohydrates estimated by ECRES were overestimated; the 
remaining 70.4% walks satisfied the third criterion, i.e., the 
carbohydrates estimated by the algorithm allowed patients to 
end the exercises with the glucose level within the selected 
thresholds. The percentages of walks assigned to the three 
categories were not significantly different among the three 
times of day the exercises were performed [62], suggesting 
that the algorithm is able to estimate the supplemental car-
bohydrates requirement with similar precision for any time 
throughout the day the exercise is performed.  
Despite a rather regular life style and plenty of attention 
to glycemia, patients often experience unexplainable hypo-
glycemic or hyperglycemic events, which are the conse-
quence of unexpected and unpredictable events temporarily 
affecting patient’s insulin sensitivity. A hypoglycemic event 
occurring in the hours preceding the exercise is believed to 
significantly influence the glycemic response to the effort 
[52-54]. In our experimentation, patients were accepted also 
if they had experienced a hypoglycemic event during the 
preceding 24-48 hours. Consequently, we could make up a 
“hypoglycemic” group by collecting the walks performed 
following a hypoglycemic event (n = 42),  
the remaining cases constituting an “euglycemic” group  
(n = 39). Comparison of these two groups showed that gly-
cemia at the start and at the end of the walks was signifi-
 
Fig. (6). Actual delivered supplemental carbohydrates (g) are plotted as a function of starting glycemia (mM).  
Full dots: walks concluded with glycemia within the selected thresholds (i.e. 3.9 - 10 mmol·L
-1
). 
Open dots: walks requiring the administration of additional amounts of carbohydrates. 
Open squares: walks concluded with a too high glycemia (>10 mmol·L
-1
). 
Reprinted from [62] 
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cantly lower in the “hypoglycemic” group as compared to 
the “euglycemic” group (7.4 ± 2.6 vs. 10.3 ± 3.5 mmol·L
-1
 
and 6.3 ± 2.6 vs. 8.2 ± 3.0 mmol·L
-1
, respectively; P < 
0.005). The fall of glycemia during exercise and the amounts 
of supplemental carbohydrates, however, were not signifi-
cantly different between the two groups. More importantly, 
the percentage trials assigned to the three categories (accord-
ing to the amount of administered carbohydrates) was not 
significantly different (Fig. 7).  
A further analysis revealed that, in five cases requiring a 
greater amount of supplemental carbohydrates as compared 
to the quantities estimated by the ECRES algorithm, a hypo-
glycemic event occurred in the 3-4 hours just preceding the 
exercise. A transiently enhanced insulin sensitivity may ex-
plain either the hypoglycemic events and the increased car-
bohydrates requirements. At the other extreme, six walks out 
of those for which the estimated carbohydrates requirement 
was too high, were performed by patients who started the 
exercise with a very high glucose level (> 13.5 mmol · L
-1
) 
lasting since a few hours. A transitory decrease in insulin 
sensitivity may explain this condition. 
Supplemental carbohydrates for the preliminary evalua-
tion of the ECRES algorithm were given in the form of 
sugar/sugar drops. Different types of carbohydrates (e.g. 
starches) or the contemporary consumption of fats or pro-
teins would likely result in a different glycemic response. 
The risk of exercise-induced hypoglycemia may thus con-
tinue until glucose is completely absorbed, while glycemia at 
the end of exercise may be high. Accordingly, carbohydrate 
supplements should mainly include rapidly absorbable car-
bohydrates [18], as was done in our experimentation. 
MAIN CAUSES OF ERROR IN THE USE OF THE 
ECRES ALGORITHM 
The incorrect assignment of the patient as “sedentary” or 
“active” is one of the major sources of error in the estimate 
of the required amount of carbohydrates by means of the 
ECRES algorithm. Moreover, some patients are even more 
trained than expected by the available equations, which esti-
mate the glucose oxidation rates [48], thus yielding too high 
estimated glucose supplements. The error in the estimate of 
the overall amount of glucose burned during the effort, how-
ever, can be negligible when 1) the exercise is performed at 
low intensity, corresponding to a low overall amount of glu-
cose burned, and 2) the activity is performed at least 3-4 hrs 
following insulin administration, i.e., when the fraction of 
the burned glucose required to maintain euglycemia (as cal-
culated by the algorithm) is low because of the low insulin 
concentration. In turn, for early post-prandial exercise (i.e., 
starting within 60-90 min from the last meal), the erroneous 
assignment of the patient as “sedentary” or “active” may be 
crucial. Undoubtedly, a more precise classification of pa-
tients’ fitness level will likely enhance the performance of 
the algorithm and reduce the possible related error. The es-
timated requirements will likely be improved also by upload-
ing in the algorithm the patient’s personal “glucose pulse” 
data (i.e., his/her own relationship between heart rate and 
glucose oxidation rate), rather than using average equations 
as the present version of our algorithm does. 
The algorithm uses the ratio between the amount of die-
tary carbohydrates and usual insulin dose to describe the 
patient’s insulin sensitivity. In our experience, this is actually 
true if and only if patient’s 1-h postprandial glucose level is 
about 1.7-2.8 mmol · L
-1
 higher than the corresponding 
preprandial level [77]. The so calculated ratio is greatly af-
fected by even small changes in the amount of carbohydrates 
habitually consumed with diet, that consequently affect also 
the estimate of the supplemental carbohydrates needed for 
exercise.  
The use of the ECRES algorithm requires patients to pre-
dict exercise intensity and duration (i.e. the main parameters 
to estimate the overall amount of glucose burned during the 
effort). Patients may get wrong in predicting these quantities. 
However, similarly to the erroneous classification of patient 
according to his/her fitness level, the error may be negligible 
when the exercise is performed at low intensity, and late 
after insulin administration, whereas it may be of greater 
importance for higher intensity and/or early exercise. The 
relationships between heart rate and glucose oxidation rate 
(see above) allow calculating that a 5 beats per minute error 
in the predicted exercise intensity for a 70-kg body weight 
sedentary patient (the worst case) who will exercise for 1 
hour, yields an overall error of 8.4 g in the estimated overall 
amount of glucose burned (0.002 g per minute per kg body 
 
Fig. (7). Percentage walks are illustrated for all the trials and for the euglycemic and hypoglycemic groups. No significant difference was 
found among the three groups. 
Open slice: walks concluded with glycemia within the selected thresholds. 
Full slice: walks requiring the administration of additional amounts of carbohydrates. 
Hatched slice: walks for which the amounts of carbohydrates estimated by the algorithm were not fully administered. 
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mass). To avoid an excessive fall of glycemia, however, only 
a fraction of the overall amount of glucose burned is usually 
required, depending on the time scheduling of the exercise. 
In addition, several commercial heart rate monitors allow to 
continuously verifying actual heart rate by wearing a simple 
elastic belt. After a few minutes of activity, patients can thus 
recalculate the correct requirement (see below the possible 
implementations of the algorithm); moreover, according to 
common security behaviours for patients with T1DM, they 
have always to bring some sugar with them, in particular 
during the physical activities. 
Finally, it is well known that also a single bout of exer-
cise has an insulin sensitizing effect. The latter, however, is 
short-lived and disappears after about 48 h [78]. Despite the 
underlying biological mechanisms have been studied in 
some detail, no precise data are available on the consequent 
possible reduction in insulin doses in patients with T1DM. 
Patients are thus advised to maintain their usual insulin 
regimen during the 24-48 hours after a single exercise bout 
and only in rare cases reductions of the long-lasting insulin 
dose at the first occasion are suggested. Accordingly, the 
ECRES algorithm does not specifically take into account the 
impact of a recent single exercise bout. In contrast, repeated 
physical activity (i.e. exercise training) results in a persistent 
increase in insulin action in skeletal muscle [78] that is re-
flected in lower insulin doses for the usual therapy, main 
parameter for the estimates. Regularly exercising patients 
may in any case take advantage of the algorithm to face gly-
cemic imbalances for physical activities performed outside 
their usual training hours, when there is less experience 
about the metabolic response to exercise. 
DISCUSSION 
All patients with diabetes should have the opportunity to 
benefit from the many valuable effects of exercise. So far, 
however, no clear-cut guidelines have been proposed to help 
patients with T1DM maintaining a near physiological gly-
cemia for activities performed at any time of day and under a 
rather wide range of intensities. Only too general strategies 
have been suggested [1, 9, 18, 20, 55, 57], which, however, 
require an adequate understanding of the metabolic and hor-
monal responses to exercise and an individualized trial-and-
error approach to adjust time scheduling of exercise, insulin 
dosage, and/or extra amount of carbohydrates.  
Results of the preliminary application of the above-
described algorithm [62] are very promising. Independent of 
the time distance from the insulin injection and without re-
quiring any time-consuming trial-and-error approach, the 
carbohydrates requirement estimated by the algorithm would 
be adequate to prevent immediate exercise-induced glycemic 
imbalances in about 70% of the 81 walks performed by the 
patients [62]. Furthermore, it can be foreseen that, avoiding 
or appropriately taking into account the major causes of er-
ror, the amount of supplemental carbohydrates estimated by 
the algorithm will be adequate for an even higher percentage 
of cases. This algorithm [62] has thus the potential to be-
come a very useful tool for helping type 1 insulin-dependent 
patients to determine, on a patient- and situation-specific 
basis, the amount of carbohydrates needed before and/or 
during moderate aerobic exercise (i.e., in the range 55 to 
70% of maximal heart rate) to minimize the risk of immedi-
ate (i.e. during exercise) exercise-induced glycemic imbal-
ances independent of the time of day the activity is per-
formed. Indeed, several variables influencing glucose me-
tabolism during the effort (e.g. actual exercise intensity and 
duration, starting time of day, and actual glucose levels) are 
main parameters for the estimate. The use of the algorithm 
will allow patients to easily determine the amount of carbo-
hydrates they need for the exercise and thus safely enjoy all 
the benefits of physical activity, in particular if it is sponta-
neous and not planned in advance, or in patients whose fear 
of hypoglycemia is particularly strong, maybe because of 
their difficulties in understanding the metabolic and hormo-
nal responses to exercise. Patients who exercise regularly 
may also take advantage of the algorithm to face glycemic 
imbalances during exercise occasions outside their usual 
training hours; in fact, their higher insulin sensitivity is re-
flected in the lower usual insulin doses, which are main pa-
rameters to calculate the supplement. 
Unfortunately, an excessive fall of glycemia may occur 
also up to 24-36 hrs after the end of the exercise (the so-
called “late-onset hypoglycemia” [10]). These episodes are 
due to the increased glucose uptake after exercise that serves 
to support repletion of muscle glycogen
 
stores [44, 79]. They 
may be even more dangerous than the immediate hypogly-
cemia since they frequently occur at night [11, 80]. To 
counter the late-onset hypoglycemia, the addition of bouts of 
intermittent high-intensity exercise was investigated, but 
contrasting effects were observed [81, 82]. Research studies
 
that could provide an evidence-based framework to guide 
management
 
of late-onset hypoglycemia are lacking and, 
consequently, no clear-cut guidelines are to date available to 
assist patients in arranging extra amounts of carbohydrates 
and/or changes in the insulin doses after an exercise session. 
We plan to investigate this problem in the near future and, 
subsequently, to enhance the features of our algorithm.  
Several different implementations of the ECRES algo-
rithm can be foreseen, each being characterized by different 
pros and cons. An implementation on desktop computer 
and/or on a specific handheld device can be hypothesized for 
a direct patient’s use. The required electronic circuits, how-
ever, can also be easily integrated in many different devices, 
e.g. training equipments or glucose monitoring systems. Fi-
nally, we believe that a real-time version of the algorithm, 
implemented on a portable device and able to estimate dur-
ing exercise the supplemental carbohydrates used on the ba-
sis of actual heart rate (acquiring data like the commercial 
heart rate monitors do), will be useful to warn patient during 
the exercise of the actual risk of hypoglyceamia. This solu-
tion will remove the need for patients to estimate exercise 
intensity and duration (only glucose level before exercise 
and the amount of supplemental carbohydrates consumed 
remains to be loaded in the device on each exercise occa-
sion). Such a device may be of very simple use, releasing 
patients from the need of understanding in some detail the 
metabolic responses to exercise, and thus it might become a 
very intriguing device. 
Finally, although the amount of the carbohydrates sup- 
plement is estimated on a patient- and situation-specific ba- 
sis, dramatically reducing the time spent for the trial-and- 
Exercise-induced Glycemic Imbalances Current Diabetes Reviews, 2011, Vol. 7, No. 4    261 
 
error approach, the algorithm represents only a Decision  
Support System. In fact, unpredictable factors may influence  
patient’s usual insulin sensitivity (as already stated above) 
and thus the glycemic balance. Consequently, the use of the 
algorithm does not completely exempt patients from com-
mon security behaviours, e.g., controlling their glucose level 
according to the usual procedures and bringing always some 
sugar with them during the physical activities. In addition, in 
order to safely apply the algorithm on a wide proportion of 
the diabetic population, further research is needed to evaluate 
the performance of the algorithm also for different exercise 
intensities, durations and modalities.  
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